Abstract. We investigated whether the abnormal expression of E-cadherin (ECD), in conjunction with the overexpression of matrix metalloproteinase-7 (MMP-7), is correlated with clinicopathological parameters such as metastasis and the prognosis for human gastric carcinoma. Using RT-PCR, we examined the expression of ECD and MMP-7 mRNA in 42 gastric carcinoma tissues and in the surrounding non-neoplastic mucosa. The macroscopic and histopathological tumor findings and the survival rates were obtained from the patient records. The level of ECD mRNA expression was lower in most of the neoplasms as compared to the corresponding nonneoplastic tissues (50 vs. 80.9%, respectively). The abnormal expression of ECD mRNA was significantly correlated to the microscopic classification and lymph node metastases (p<0.05), and its stage (p<0.05). The level of MMP-7 mRNA expression was higher in most neoplasms compared to the corresponding non-neoplastic tissues (66.6 vs. 50%, respectively). The overexpression of MMP-7 mRNA was significantly correlated with the microscopic classification, lymph node metastases (p<0.05), and its stage (p<0.01). However, a correlation between the abnormal expression of ECD and the overexpression of MMP-7 was not obtained. The survival rate of the patients with an ECD mRNA expression was longer than that of the patients without this expression, but this finding was not statistically significant (p=0.2162). The survival rates of patients with MMP-7 mRNA expression was significantly shorter than that of the patients without MMP-7 mRNA expression (p=0.0025). Overexpression of MMP-7 may be considered as a useful marker for determining metastasis and the prognosis of human gastric carcinoma rather than the abnormal expression of E-cadherin.
Introduction
For the process of metastasis to occur, tumor cells must complete a multistep progression through a series of sequential and selective events (1) . These events include the changes in cellular adhesion, the production of proteolytic enzymes that degrade the stroma, and the secretion of various cytokines that attract and activate stromal cells and endothelial cells during tumor invasion and angiogenesis (2) . E-cadherin (ECD) is one of the most important molecules for cell-cell adhesion in epithelial tissues. Besides its role in normal cells, it can play a major role in malignant cell transformation and dysfunction in cell-cell adhesion via the suppression of the E-cadherin expression. In addition, the loss of E-cadherin may increase the pool of free ß-catenin from the adherens junctions. Increased free ß-catenin activates the transcriptional targets of the Wnt (wingless) singnalling pathway, which include c-myc, cyclin D1, c-jun, Tcf-1, PPARd and MMP-7 (3).
Matrix metallopreinases are zinc-dependent endopeptidases that are collectively capable of degrading all the constituents of the extracellular matrix (ECM) (4) . Over 20 enzymes of the MMP family have recently been identified (5) . It is known that MMP-7 has the highest activity among the MMPs (6) . MMP-7 activates MMP-2 and MMP-9, and it plays a central role in the degradation of the ECM, including type IV collagen (7) .
It has been reported that the stage of tumor progression in human gastric carcinoma is associated with the level of E-cadherin and MMP-7, respectively. However, there has been no report on metastasis and the E-cadherin and MMP-7 interrelationship for gastric carcinoma relating to the Wnt signaling pathway. In this study, we investigated the correlation between E-cadherin and MMP-7 in gastric carcinoma tissue and in the corresponding non-neoplastic mucosa. To identify whether E-cadherin and MMP-7 are prognostic factors, the association of these factors were studied with various clinicopathological features and the survival rates.
Materials and methods
Clinicopathological variables. Cancer specimens obtained from 42 patients with adenocarcinoma and the corresponding non-neoplastic mucosal tissues were investigated. There were 30 male and 12 female patients with a mean age of 60 years (age range: 29-75 years). The surgical-pathological tumor staging showed that two patients had stage I tumor, eight had stage II tumor, 14 had stage IIIa tumor, 3 had stage IIIb tumor and 15 had stage IV tumor. Thirty-two patients had regional or distant lymph node metastasis, and 10 patients showed no lymph node metastasis.
Reagent. The RT-PCR kits were purchased from Applied Biosystems (Foster city, CA, USA). The RNA-bee solution for total-RNA isolation was obtained from TEL-TEST (Friendswood, TX, USA). The 100-bp DNA ladder as a molecular weight marker was obtained from Takara (Kyoto, Japan). The 50-bp DNA ladder as a molecular weight marker was obtained from Invitrogen (Carlsbad, CA, USA). All the other reagents were commercial preparations of a pure grade.
Specimens and total-RNA isolation. We used the normal and tumor portions of stomach cancer specimens. Both specimens were freshly obtained from surgery and they were initially stored in a N 2 tank until they were used for total-RNA isolation. The specimens from the N 2 tank were ground into powder on dry ice with a hand grinder, and the total-RNA was then isolated with the use of RNA-bee solution as per the instructions by the manufacturer. Briefly, after the addition of 1 ml of RNAbee and 200 μl of chloroform and followed by centrifugation, the aqueous phase was combined with an equal volume of isopropanol. The precipitated pellet was washed with 70% ethanol and it was suspended again in diethylpyrocarbonate (DEPC)-treated water.
Reverse transcriptase-polymerase chain reaction (RT-PCR).
Total-RNA (1 μg per sample) was reverse transcribed using Moloney murine leukemia virus reverse transcriptase (Applied Biosystems) and oligo dT priming according to the manufacturer's instruction, at 42˚C for 15 min. Amplification with specific primers was performed in a Gene Amp PCR system 9600 (Perkin-Elmer) for 25 cycles with a 15 sec/94˚C denaturation step, a 15 sec/58˚C annealing step and a 30 sec/72˚C extension step in the case of E-cadherin (597 bp); for 40 cycles with a 40 sec/94˚C denaturation step, a 55 sec/62˚C annealing step and a 55 sec/72˚C extension step in the case of E-cadherin (352 bp); for 33 cycles with a 20 sec/94˚C denaturation step, a 30 sec/60˚C annealing step and a 30 sec/72˚C extension step in the case of MMP-7; for 30 cycles with a 30 sec/95˚C denaturation step, a 30 sec/60˚C annealing step and a 30 sec/ 72˚C extension step in the case of GAPDH. Amplification of the mRNA for the housekeeping gene GAPDH was used as an internal quality standard. The amplified products were electrophoresed on 1.5-2% agarose gel and then they were stained with 0.5 μg/ml ethidium bromide. The primer sequences were as follows: GAPDH (178 bp) sense; 5'-acccactcctccacct ttg-3', antisense; 5'-ctcttgtgctcttgctggg-3', E-cadherin (352 bp) sense; 5'-gaggagagcggtggtcaaag-3', antisense; 5'-gttcagggagct cagactag-3', MMP-7 (103 bp) sense; 5'-ccccctgcatttcaggaa-3', antisense; 5'-tcctggcccatcaaatgg-3'.
Statistical analysis. All the statistical analyses were performed using SPSS for Windows (version 11.5). The independent two-tailed t-test was used to compare the E-cadherin and MMP-7 mRNA expressions. When appropriate, the data were presented as means ± SD. Frequency tables and the ¯2 test were used. Life-table probabilities for the overall survival were calculated by the method of Kaplan and Meier, and the differences in survival between the subgroups were compared with the log-rank test. The correlation between the ECD and MMP-7 mRNA/GAPDH ratio was analyzed by linear regression. To define the independent risk factors for the prognosis, multivariate analysis was performed with a Cox proportional hazards model. A p-value of <0.05 was considered as significant.
Results

Expression of E-cadherin and MMP-7.
We used RT-PCR to detect the ECD and MMP-7 mRNA expressions. ECD and MMP-7 were expressed in the tumor tissue of 21/42 (50.0%) and 28/42 (66.7%) patients, respectively. In the corresponding Table I . Expression of ECD and MMP-7 in tumor tissue and non-neoplastic tissue from patients with gastric cancer (n=42). 
.01 compared to non-neoplastic tissue.
-
non-neoplastic tissue, the expression of ECD and MMP-7 mRNA was found in 34/42 (81.0%) and 21/42 (50.0%) patients, respectively (Table I) . When the levels of ECD and MMP-7 mRNA in each sample were normalized for the levels of GAPDH mRNA, the ECD mRNA levels were lower, but the MMP-7 mRNA levels were higher in the tumor tissue than in the corresponding non-neoplastic mucosal tissue (Fig. 1) . The rate of positive ECD expression and negative MMP-7 expression and the rate of negative ECD expression and positive MMP-7 mRNA expression were 38.1 and 71.4%, respectively (p=0.51; Table II ). However, there was no negative correlation between the expression levels of ECD and MMP-7 on the linear regression analysis (r=0.158, p=0.319) (Fig. 2) .
Relationship between the ECD and MMP-7 expressions and the clinicopathological features.
To evaluate the interactions between the expression of ECD and MMP-7 mRNA and their effect on the patient prognosis, we checked the relationship between the expression of the two genes and the established prognostic factors. The ECD mRNA expression was significantly correlated with the Ming classification (p=0.01), lymph node metastases (p=0.04), and their stages (p=0.04) ( Table III) . The overexpression of MMP-7 mRNA was significantly correlated to the Lauren classification (p=0.04), the Ming classification (p=0.02), lymph node metastases (p=0.02), and the tumor stages (p=0.01) ( Relationship between E-cadherin and MMP-7 mRNA expression in gastric cancer patients (p=0.512). Table III . Relationship between E-cadherin expression and clinicopathological features in patients with gastric cancer. ---------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------- -Table IV . Relationship between MMP-7 expression and clinicopathological features in patients with gastric cancer. ---------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------- 
------------------------------------------------
-----------------------------------------------------------------------------------------------------Expression of E-cadherin -----------------------------------------
Negative Positive Clinicopathological ----------------- ---------------- features N N (%) N (%) P-value
-----------------------------------------------------------------------------------------------------Expression of MMP-7 -----------------------------------------
Discussion
Patients with metastasis show a poor prognosis, whereas those without metastasis tend to show a favorable prognosis (8) . Thus, to improve the clinical outcome of patients with gastric carcinoma, it is important to clarify the biological mechanisms of tumor progression and metastases (9) . The loss of cellular cohesion is a characteristic of malignant cells, and it leads to cell-matrix detachment, invasion and migration (10) . As a family of transmembrane glycoproteins, the adherins mediate cell adhesion and they have an important role in morphogenesis and for maintaining the differentiated phenotype (10) . E-cadherin is the predominant cadherin family member that is expressed in epithelial tissue. A decline of Ecadherin function in tumors results in the rapid progression of tumor, not only for metastatic carcinoma, but also for the relatively benign adenoma. Cells that have germline mutation in E-cadherin have a predisposition to diffuse and to be poorly differentiated, and E-cadherin down-regulation in sporadic tumors is associated with a poor clinical prognosis (11).
Consistent loss of E-cadherin expression has been reported in lobular breast cancer (12) (13) (14) (15) and carcinoma of the prostate (16) (17) (18) , stomach (19) , bladder (20) (21) (22) , colorectum (23, 24) and pancreas (25) . It has been correlated with a reduced survival and poor prognosis in patients with cancer (26, 27) . Dai et al (28) found that the positive rates of the E-cadherin and ·-catenin expressions were 38.6 and 28.6%, respectively, and they were significantly reduced in the gastric carcinoma that had a more prominent malignant phenotype, such as stage III/IV tumor with poor cell differentiation, poor TNM staging and prognosis, invasion through the serosa and lymph nodes, and liver metastases. Joo et al (29) reported that the immunoreactivity of E-cadherin and ·, ß and Á-catenin was expressed by normal gastric epithelial cells with strong membranous staining at the intercellular border, and a reduced expression of them occurred in a considerable proportion of both the early and advanced cancer groups; this was correlated with the diffuse type of cancer that had poor differentiation, but it was not related with the depth of invasion or lymph node metastases. In the present study, we found that the positive expression of E-cadherin mRNA was detected in 34 of 42 cases of normal gastric mucosal tissue, but only in 21 gastric carcinoma tissues. The abnormal expression of this mRNA was significantly correlated with the Ming classification, lymph node metastases and the tumor stage.
In addition to cleaving ECM proteins, MMPs play an important role in mediating the shedding of transmembrane and membrane-associated proteins, including E-cadherin. As dissociation of ß-catenin from the cadherin-catenin complex in the membrane is a prerequisite for ß-catenin-mediated signaling, cleavage of the cadherins by the MMPs may play a critical role in regulating this signaling pathway (30) . MMP-7 mRNA and protein are expressed not only in the epithelium of premalignant lesions in many glandular tissues (31) but they are also expressed in the tumor cells, and this is associated with the tumor progression of colorectal (32) , gastric (33) and hepatic carcinoma (34) . It has been reported that MMP-7 proteins are expressed at the invasive front of human colon cancer (35) , and the level of expression is correlated with the stage of tumor progression (36, 37) . Overexpression of MMP-7 in esophageal cancer and human pancreatic cancer was reported to correlate with a poor prognosis (38-41). Liu et al (42) have reported that a high frequency of MMP-7 protein at the invasive front in gastric carcinoma was related to a poor prognosis. There are also several reports that peritoneal dissemination and lymph node metastasis are associated with MMP-7 in gastric carcinoma (43) (44) (45) (46) (47) (48) . In this study, we found that the positive expression of MMP-7 mRNA was observed in 21 of the 42 cases of normal gastric mucosal tissues, but this was seen in only 28 gastric carcinoma tissues. The overexpression of MMP-7 mRNA significantly correlated with the Lauren and Ming classifications, lymph node metastases, tumor stage and the survival rate.
On the multiple logistic regression analysis, the overexpression of MMP-7 mRNA was identified as an independent predictor of metastasis.
The interaction between E-cadherin and ß-catenin at the adherens junction provides an obvious mechanism by which the mutation of CDH1 could disrupt growth signaling thus initiating tumorigenesis. In addition to its role in regulating cell adhesion, ß-catenin is a transcription co-factor in the Wnt signaling pathway, and elevated levels of free ß-catenin are associated with tumorigenesis in humans. The loss of functional E-cadherin would be expected to shift the cellular equilibrium of ß-catenin away from the adherens junction towards the pool of free-ß-catenin (11) . Increased free ß-catenin would activate the transcriptional targets of the Wnt singnalling pathway, and these include c-myc, cyclin D1, c-jun, Tcf-1, PPAR and MMP-7 (3). The abnormal expression of E-cadherin will increase the expression of MMP-7 mRNA. However, our results showed that there was no correlation between the expression levels of ECD and MMP-7 on the linear regression analysis. Therefore, further studies should aim at identifying the expression level of the E-cadherin, ß-catenin and MMP-7 mRNA and the related proteins. In addition, it is important to obtain high-quality RNA from samples and to select specific cell populations so as to avoid averaging out the heterogeneous elements of a sample.
In conclusion, there were no correlations between the expression of E-cadherin and MMP-7. These data indicate that the overexpression of MMP-7 may be considered as a useful marker for determining metastasis and the prognosis of human gastric carcinoma.
